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A MOLECULAR SWITCH FOR REGULATING MAMMALIAN GENE EXPRESSION 



CROSS-REFERENCE TO RELATED APPLICATION 
This application claims priority benefit of provisional U.S. Appln. No. 60/171,597, 
5 filed December 23, 1999. 



BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

The present invention relates to the regulation of mammalian gene expression. 

10 2. Description of Related Art 

Gene transfer involves the transfer of foreign genetic material into a cell such 
that the foreign material is expressed. This process is used in applications such as, for 
example: gene therapy, production of recombinant biologicals, genetic diagnosis, and 
drug screening. But despite recent reports of success in the most challenging of these 

15 fields, in vivo gene therapy of human diseases (Kay et al., 2000; Cavazzano-Calvo et 
al., 2000), the construction of new expression vectors has occupied the attention of the 
many workers eager to achieve high levels of gene expression in a regulated manner 
(reviewed in Agha-Mohammadi and Lotze, 2000). 

In most cases, the ultimate goal of gene transfer is to introduce an expression 

20 vector that provides for production of a gene product for a period sufficient for a thera- 
peutic or prophylactic effect, which period may be relatively short (e.g., a few hours to a 
few days) or may be for long periods (e.g., several weeks to one or more years). One 
important aspect of gene-based therapy could involve regulating expression in such a 
manner that gene expression is restricted spatially and temporally to cells or tissues 

25 that are affected by a disease. Such regulation requires that the gene be delivered to 
the target cell or tissue in a substantially latent state, so that it does not change or 
significantly affect the phenotype of the target in the absence of disease. Where and 
when the disease is active, it would be desirable that the latent gene should then be 
induced (e.g., spatially, temporally, or both) in a manner that will counteract disease 

30 symptoms and, conversely, ceases expression as the disease symptoms subside. To 
simplify, this requires that the gene be regulated by a tight on/off switch that can 
respond to an intrinsic disease-related stimulus. 
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A critical feature of such regulated gene expression is called the silencer-inducer 
ratio: expression of the foreign gene measured under inducing conditions divided by 
the amount of expression without induction (i.e., basal expression). This ratio should 
be high (e.g., at least about 25- to 1000-fold) and sufficiently regulatable by appropriate 
5 control of inducing conditions. Another critical feature is substantially silenced (or 
repressed) gene expression in the non-induced, disease-free state. 

This requirement for a tight on-off switch in regulating expression of a foreign 
gene is widely acknowledged and the absence of such regulation is considered to be 
one of the major limitations for many gene transfer applications. Regulated expression 

10 of foreign genes, both positive and negative, has been described in prokaryotes (e.g., 
the Lac operon) and in mammals (e.g., Tet-repressor and activator, progesterone or 
ecdysone receptor) (reviewed in Agha-Mohammadi and Lotze, 2000). Each of these 
systems involves binding of an extrinsic modulator to a protein involved in transcription: 
tetracycline or doxycycline in the Tet regulatory system; RU486 or rapamycin in the 

15 progesterone and FKBP regulatory systems, respectively. The latter two systems 
require multiple vectors to deliver the target gene and the different regulatory compo- 
nents. In all of these systems, allosteric changes determine the DNA binding affinities 
of positive- and negative-acting transcriptional factors and thereby control an on-off 
switch (Freundlieb et al., 1999). Unlike the invention, however, these systems do not 

20 provide spatial regulation within a tissue or responsiveness to a disease state by an 
intrinsic factor (e.g., hypoxia or stress) acting on endogenous transcriptional factors 
(e.g., hypoxia inducible factors or NF-kB transcription factors, respectively). A system 
of regulated expression has been engineered in yeast where allosteric activation (i.e., 
phosphorylation) of positive- or negative-acting factors activate or repress transcription 

25 (Lee and Gross, 1993). These systems provide a solution to the problem of providing a 
tight on-off switch for regulated expression by using allosteric binding and an extrinsic 
modulator to control activity of a promoter. As compared to the invention described 
herein, these systems are all dissimilar in mechanism because this invention uses 
disease-responsive intrinsic factors to mediate spatial as well as temporal reversible 

30 repression, but does not depend upon allosteric binding. Therefore, allosteric regula- 
tory systems do not teach or suggest the invention. 
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SUMMARY OF THE INVENTION 
The present invention relates to the regulation of mammalian gene expression in 
a cell using at least (a) one or more silencer elements and (b) one or more conditionally 
inducible elements responsive to one or more instrinsic transcription factors associated 
5 with a disease to form a silencer-inducible region that modifies transcriptional activity of 
a promoter upstream of an expressed region under appropriate conditions. Expression 
vectors comprised of silencer-inducible region, promoter, and at least one expressed 
region can thereby regulate expression (i.e., biological activity of RNA corresponding to 
a product transcribed from an expressed region of the gene or polypeptide correspon- 
10 ding to a product encoded by an expressed region of the gene) by conditional silencing, 
and confine such expression to cells or portions of tissue that are affected by a disease 
condition. 

An object of this invention is to tightly regulate mammalian gene expression (i.e., 
biological activity of RNA corresponding to products transcribed from ah expressed 

15 region of the gene or polypeptides corresponding to product encoded by an expressed 
region of the gene) by conditional silencing. Preferably, gene expression is regulated 
by disease-associated intrinsic factors (e.g., ischemia and other hypoxic conditions, 
inflammation and other stress conditions). 

An expression vector is disclosed that is a polynucleotide comprised of one or 

20 more silencer elements, one or more conditionally inducible elements, which are 
formed into a silencer-inducible region, and promoter in operative linkage upstream of 
at least one expressed region. The number of silencer elements and conditionally 
inducible elements are independently selected, usually less than ten of each, and are 
formed as a homomultimer (i.e., repeats of the same silencer or conditionally inducible 

25 element) or a heteromultimer (i.e., mixture of different silencer or conditionally inducible 
elements, or variations thereof). The expression vector thereby regulates transcription 
of the one or more downstream regions by conditional silencing in which an expressed 
DNA region of a gene is transcribed to produce a gene product, e.g., RNA transcripts, 
polypeptides, and the like. 

30 Expression is inducible through transcription factor binding to the conditionally 

inducible elements that positively affect transcription by the promoter, and the presence 
of silencer elements in close apposition to the conditionally inducible elements such 
that basal activity of the promoter to transcribe a downstream expressed region is 
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conditionally silenced. Preferably, the transcription factor is responsive to an intrinsic 
factor associated with disease. The ratio of gene expression measured with induction 
divided by gene expression measured without induction (i.e., the silencer-inducer ratio) 
is high. Preferably, the silencer-inducer ratio is at least about 25 or 50; more preferably, 
5 at least 100 or 500; and even more preferably, at least 1000. 

Genetically engineered mammalian cells and non-human mammals can be 
made using such expression vectors through transfection, infection, and transgenesis 
techniques. 

Furthermore, processes of making and using the aforementioned products are 
10 disclosed (e.g., the expression vector may be used diagnostically, therapeutically, or 
prophylactically or to make models of human disease). 

These and other aspects of the present invention will be apparent to a person 
skilled in the art from the following description. 

15 BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1 depicts construction of pMHC164. 
^^OC^) Fig. 2 depicts construction of the pGL3PV HRE/SIL series of expression vectors 

with no overlap (SEQ/lD NOS:5-7) or with five base overlap (SEQ ID NO:8) between 

silencer and conditionally inducible elements. 
20 Fig. 3 depicts GEMSA analysis of HIF-1 and NFkB transcription factors binding 

to cognate sites with or without induction. 



DESCRIPTION OF THE INVENTION 

Definitions 

25 A "recombinant" polynucleotide results from ligation or otherwise joining hetero- 

logous regions. Recombination may be genetically engineered in vitro with at least 
partially purified enzymes (e.g., amplification, transcription, or replication); synthesized 
by manual or automated chemical techniques (e.g., phosphodiester or phosphotriester 
chemistry); or accomplished in vivo by enzyme catalyzed, site specific recombination 

30 (e.g., integrase or RAG recombinase systems) or homologous recombination. The 
meaning of "heterologous" will, of course, depend on its context. For example, ligation 
of heterologous regions to form a chimera means that those regions are not found 
colinear in the same organism. Ligation of regions, at least one derived from human 
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and another derived from a non-human species, are heterologous because they are 
derived from different species. In a further example, transfection of an expression 
vector into a heterologous host cell or transgenesis of a heterologous non-human 
organism means that the expression vector is not found in the cell's or organism's 
5 genome in nature. 

An "isolated" product is at least partially purified from a chemical reaction for an 
artificially synthesized polymer of nucleotides or amino acid or from its cell of origin 
(e.g., human, non-human mammal, or other eukaryote; insect or other invertebrate; 
plant; yeast, mold, or other fungus; bacterium or other prokaryote) for natural polymers 

10 and genetically engineered polymers. For example, as compared to a lysate of the cell 
of origin, the isolated product is at least 50%, 75%, 90%, 95% or 98% purified from 
other chemically similar solutes (e.g., nucleic acids for polynucleotides, proteins for 
polypeptides). For a chemically synthesized polymer of nucleotides or amino acids, 
purity is determined by comparison to prematurely terminated or blocked products and 

15 may, as a practical matter, be considered isolated without purification with high fidelity 
synthesis. Purification may be accomplished by biochemical techniques such as, for 
example, cell fractionation, centrifugation, chromatography, and electrophoresis. 
Generally, solvent (e.g., water) and chemicals like buffers and salts are disregarded 
when calculating purity. Cell products can be isolated by positive or negative selection, 

20 limiting dilution, or sorting according to whether an expression vector was introduced 
into a host cell. Cell or gene cloning is often used to isolate the desired product. Thus, 
a polynucleotide can be considered "isolated" when it is contained in a virus particle or 
transfected cell as a substantially homogeneous population obtained by cloning. 

An "expression vector" is a recombinant polynucleotide that is in chemical form 

25 either a deoxyribonucleic acid (DNA) or a ribonucleic acid (RNA). The physical form of 
the expression vector may also vary in strandedness (e.g., single-stranded or double- 
stranded) and topology (e.g., linear or circular). It should be understood, however, that 
the expression vector is preferably a double-stranded deoxyribonucleic acid (dsDNA) or 
is converted into a dsDNA after introduction into a cell (e.g., insertion of a retrovirus into 

30 a host genome as a provirus). The expression vector may be associated with proteins 
and other nucleic acids in a carrier (e.g., packaged in a viral particle) or it may be 
comprised of modified nucleotides (e.g., methylated nucleotides). The expression 
vector may be based on a shuttle vector such as, for example, a phagemid, plasmid, 
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bacteriophage or virus, cosmid, bacterial artificial chromosome (BAC), or yeast artificial 
chromosome (YAC). Although not a limiting aspect of the invention, the length of the 
expression vector may conveniently be between 100 and 1,000,000 nucleotides long 
or, more preferably, between 1000 and 100,000 nucleotides long or, even more 
5 preferably, between 5,000 and 50,000 nucleotides long, with or without integration into 
a host genome. 

An expression vector in accordance with the present invention is comprised of at 
least one silencer element, at least one conditionally inducible element, and at least 
one promoter which are in operative linkage to provide for regulation of at least one 
10 expressed region. Preferably, one or more of the silencer elements and one or more of 
the conditionally inducible elements are heterologous to each other; the silencer- 
inducible regions formed from silencer and conditionally inducible elements act to 
conditionally silence expression in a mammalian cell or tissue, and regulate such 
expression in a restricted spatial and temporal pattern; and intrinsic factors associated 
15 with disease (e.g., ischemia and other hypoxic conditions, inflammation and other 
stress conditions) are used to regulate expression instead of extrinsic factors (e.g., 
drugs, recombinant trans-acting factors such as recombinant polypeptides, and the 
like) acting by an allosteric mechanism. 

Thus, the expression vector regulates gene expression by "conditional silencing" 
20 through a non-allosteric mechanism: reversible, mutually exclusive binding of negative- 
acting transcription factor to the silencer element and positive-acting transcription factor 
to the conditionally inducible elements. In mammalian cells or tissues, the desired 
result is tight regulation of an expressed DNA region of the gene that is transcribed to 
produce a single class or multiple different classes of RNA transcripts, which then may 
25 or may not be translated to produce a single class or multiple different classes of 
polypeptides. For example, the biological activity of the gene may be regulated at the 
level of the transcripts per se (i.e., inducible RNA activity) and/or the polypeptides (i.e., 
inducible protein activity). dsRNA and ribozyme molecules are examples of transcripts 
with RNA activity. Examples of protein activity include affinity binding, enzymatic 
30 activity, signal transduction resulting from binding between receptors and their cognate 
ligands, and other physiological responses. 

The number of silencer elements and conditionally inducible elements are 
independently at least two, three, four, five, six, or more as a homomultimer (i.e., 
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repeats of the same silencer or conditionally inducible element) or a heteromultimer 
(i.e., mixture of different silencer or conditionally inducible elements, or variations 
thereof). The types and numbers of silencer elements and conditionally inducible 
element in the expression vector may be varied; it is expected, however, that the 
5 silencer-inducer ratio will generally increase and eventually plateau in direct 
relationship with the number of elements for most, if not all, types of element. If the 
sequence of an element is not dyad symmetric, then there might be a preferred 
orientation of the element with respect to the rest of the expression vector (e.g., a 
promoter) but the difference in silencer-inducer ratios produced thereby will probably be 

10 insubstantial. If the silencer-inducible region functions as an "enhancer" then 
orientation and separation of the enhancer relative to the promoter will not be a critical 
determinant in operation of the invention. 

The distance between a transcriptional start site of the promoter and the nearest 
sequence of the most proximal silencer-inducible region may be at most 500, 1000, 

15 1500, 2000 or 2500 nucleotides. But as noted above, although this distance is about 
100 to about 300 nucleotides for the expression vectors shown in the examples, it is 
not believed to be critical to obtaining the advantages of the invention. Note that some 
promoters, especially those lacking TATA and CAAT consensus sequences, may have 
multiple transcriptional sites that are responsible for at least 10% of the total initiation of 

20 transcription. This distance might be varied to maximize the silencer-inducer ratio. 
Thus, the effect on the silencer-inducer ratio of a spacer sequence between promoter 
and silencer-inducible region will usually depend on the number of nucleotides in the 
spacer sequence and not the identity of those nucleotides' bases. Mutational analysis 
of the spacer sequence would be expected to confirm the boundaries of a promoter 

25 and a silencer-inducible region because a change in the base of a spacer sequence 
should result in an insubstantial difference in the silencer-inducer ratio. Otherwise, the 
length of the promoter or silencer-inducible region (whichever is nearest) may have to 
be considered enlarged, and the spacer sequence equivalently shortened. 

Potentially more important for conditional silencing is the distance separating 

30 silencer elements and conditionally inducible elements. Preferably, their separation is 
restricted so there is interference between the binding of negative-acting transcription 
factors to the silencer elements and the binding of positive-acting transcription factors 
to the conditionally inducible elements. A separation of more than 500 bases between 
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silencer element and conditionally inducible element eliminated conditional silencing 
(Example 1), but conditional silencing correlated directly with displacement of proteins 
binding to the silencer element by different proteins binding to the conditionally 
inducible element with a separation of only about 50 bases (Example 3). Other 
arrangements with greater separations are possible within the context of the invention 
in circumstances with DNA bending or long distance interactions that affect binding to 
DNA sites in the silencer and conditionally inducible elements. 

Silencer and conditionally inducible elements within a silencer-inducible region 
can be arranged such that the silencer element and the conditionally inducible element 
are separated in the expression vector by about 50 or 75 bases or less; and may be 
separated by about 100 or 150 bases to about 200 or 300 bases; and may be sepa- 
rated by about 500 or 1000 bases or more. As discussed above, mutational analysis 
can be used to confirm the length of the silencer-inducible region. For example, at 
least some mutations in transcription factor binding sites of the silencer elements and 
the conditionally inducible elements would be expected to change the silencer-inducer 
ratio, although no change in that ratio would be expected in bases located between 
binding sites or elements. 

Expression is inducible through the binding of a single class or multiple different 
classes of transcription factors to the several conditionally inducible elements; such 
binding positively affects transcription by the one or more promoters. The presence of 
the several silencer elements in close apposition to the several conditionally inducible 
elements suppresses transcriptional activity of at least one promoter in the expression 
vector as compared to that promoter's basal transcriptional activity in the absence of 
the silencer elements. Transcription of at least one downstream expressed region of 
the gene is thereby conditionally silenced. 

Generally, the types and number of silencer elements, the types and number of 
conditionally inducible elements, their relative order and distance from each other in the 
silencer-inducible region, the type of promoter, and the closest distance between the 
silencer-inducible region and a promoter that is conditionally silenced thereby can be 
varied to increase the silencer-inducer ratio for the expression vector. This ratio for the 
same expression vector will probably vary according to the inducing condition and the 
linked promoter. 

The role of silencer elements for repression of tissue-specific gene expression 



8 



has been reviewed (Ogbourne and Antalis, 1998), but a conditional function for such 
elements has not been described previously. As disclosed herein, conditional silencing 
is a property of expression vectors constructed in accordance with the invention and is 
mechanistically novel. Functionally reversible silencing is defined for this purpose as a 
5 consequence of competition between at least one negative-acting transcription factor 
that binds to at least one of its cognate sites located in the silencer element and at 
least one positive-acting transcription factor binding to at least one of its cognate sites 
located in the conditionally inducible element. Such competitive binding may occur at a 
common hybrid DNA binding site (Examples 1-3). Competition may also operate at a 

10 downstream site affecting transcription such as chromatin structure or at a TATA-box 
where transcription initiation complexes bind and the positive-acting or negative-acting 
factors usually exert their respective and independent control over transcription. 

An expression vector may be further comprised of one or more splice donor and 
acceptor sites within an expressed region; a Kozak consensus sequence upstream of 

15 an expressed region for initiation of translation; downstream of an expressed region, 
multiple stop codons in the three forward reading frames to ensure termination of 
translation, one or more mRNA degradation signals, a termination of transcription 
signal, a polyadenylation signal, and a 3' cleavage signal. For expressed regions that 
do not contain an intron (e.g., a coding region from a cDNA), a pair of splice donor and 

20 acceptor sites may or may not be preferred. It would be useful, however, to include a 
mRNA degradation signal if it was desired to express one or more of the downstream 
regions only under the inducing condition. An origin of replication may be included that 
allows replication of the expression vector integrated in the host genome or as an 
autonomously replicating episome. Centromere and telomere sequences can also be 

25 included for the purposes of chromosomal segregation and protecting chromosomal 
ends from shortening, respectively. Random or targeted integration into the host 
genome is more likely to ensure maintenance of the expression vector but episomes 
could be maintained by selective pressure or, alternatively, may be preferred for those 
applications in which the expression vector is present only transiently. 

30 The expression vector may also be engineered for genetic manipulation: for 

example, antibiotic resistance genes (e.g., amp r , kan r , tet r ); reporters or selectable 
markers (e.g., cat, DHFR, HSV-tk, lacZ, luc); polylinkers with multiple recognition sites 
for restriction endonucleases (e.g., BamHI, EcoRI, Hindlll, Notl, Sfil); promoters for in 
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vitro transcription (e.g., responsive to SP6, T3 or T7 bacteriophage polymerases); and 
primer annealing sites for in vitro replication. 

A "silencer element" is an element of the expression vector that confers negative 
regulation on transcription of a downstream expressed region. Removal of the silencer 
5 element from an expression vector would be expected to increase basal expression of 
a downstream region. As described above, it may be present at least one, two, three, 
four, five, six, or more times as a homomultimer (i.e., repeats of the same silencer 
element) or as a heteromultimer (i.e., a mixture of different silencer elements or varia- 
tions thereof) in the silencer-inducible region. Silencer elements (e.g., consensus 

10 sequences known in the art) are usually between about 8 and about 200 nucleotides in 
length. The silencer element may or may not be active in most cells (i.e., the silencer is 
active in decreasing gene expression in a cell specific manner in most cells, and under 
most conditions) but, preferably, it is active in decreasing gene expression even under 
non-inducing conditions of a conditionally inducible element present in the expression 

1 5 vector. 

A "conditionally inducible element" is an e^ment of the expression vector that 
confers positive regulation on transcription of^a downstream expressed region under 
inducing conditions. It may be obtained pom enhancer regions that are also condi- 
tionally inducible, but constituitively acjitfe enhancers that increase basal transcription 
20 under most or all conditions is rx5t a preferred source for conditionally inducible 
elements. Removal of a conjlifionally inducible element from an expression vector 
would be expected to decrease expression of a downstream region under inducing 
conditions. As describ^a above, it may be present at least one, two, three, four, five, 
six or more times a^a homomultimer (i.e., repeats of the same conditionally inducible 
25 element) or a ^Heteromultimer (i.e., a mixture of different conditionally inducible 
elements or/variations thereof). Conditionally inducible elements (e.g., consensus 
sequences known in the art) are usually between about 4 and about 100 nucleotides in 
lengtjxT he conditionally inducible element may or may not be active in most cells but, 
.under non-inducing conditions, the latter situation is preferred. 
30 A "transcription factor" is a protein that specifically binds a cognate sequence 

found in silencer elements or conditionally inducible elements. Binding of a positively- 
acting transcription factor to its cognate site in a conditionally inducible element will 
increase expression; binding of a negatively-acting transcription factor to its cognate 
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site in a silencer element will decrease expression. Such increases or decreases can 
be measured relative to the presence or absence of the transcription factor, or the 
presence or absence of an element in the expressed vector, under controlled reaction 
conditions. The presence or activity of the transcription factor may be dependent on 
5 the type of host cell or organism or the conditions under which that host is kept. 

A "promoter" is responsible for basal expression of the downstream region in the 
expression vector. The promoter may or may not be active in most cells (e.g., gene 
expression is cell specific), but it should be active under the inducible condition of a 
silencer-inducible region included in the expression vector. The initiation of trans- 

10 cription from the promoter can be determined (e.g., by RACE or S1 nuclease protection 
techniques) and such initiation or even steady-state levels of stable transcripts are 
measures of promoter activity. Mutational analysis would be expected to confirm the 
boundaries and essential nucleotides of the promoter (e.g., binding, gel retardation, or 
protection by a basal transcription factor or RNA polymerase subunit is dependent on 

15 the existence or identity of a particular nucleotide in the promoter). The promoter may 
be obtained from a virus (e.g., an immediate early gene or long terminal repeat), a 
tissue specific eukaryotic gene, or a non-tissue specific eukaryotic gene (e.g., a house- 
keeping gene). The promoter may or may not be heterologous with respect to one or 
more of the silencer and conditionally inducible elements. There may be portions of 

20 the promoter that contribute to the function of the silencer-inducible region. 

Spatial or temporal restricted expression may be desirable for some applications 
in which gene expression is targeted to a specific developmental stage or tissue, 
respectively. For example, such promoters may be used in expression vectors 
delivering an angiogenic growth factor to ischemic muscle or a deleterious gene to a 

25 solid tumor (Prentice and Webster 1995; Webster, 1999ab; Alexander et al., 1999). 
Regulatory elements in a tissue-specific promoter are usually bound by positive-acting 
transcription factors, therefore, their inclusion in an expression vector would have been 
expected to increase basal (i.e., uninduced) gene expression in the target tissue. This 
problem has been a limiting feature preventing the use of tissue-specific regulation in 

30 transgene regulation and gene targeting procedures. But the present invention 
eliminates this restriction because including a silencer element in the expression vector 
will conditionally silence the activity of tissue-specific promoter elements in the 
uninduced state and allow them to be active when induced. 
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Components of the expression vector may be derived from mammalian genes 
(e.g., adenine nucleotide transporter-2, albumin, aldehyde dehydrogenase-3, B29/lg-0, 
cardiac actins or myosin heavy chains, CD95/Fas/AP01, crystallins, dopamine p- 
hydroxylase, elastase, endothelins, enolases, erythropoietin, a-fetoprotein, globins, 
5 glucocorticoid receptor, glutathione P transferase, growth hormone, heat shock 
proteins, heme oxygenase, histones, insulin, somatomedins, interferons, intestinal 
trefoil factor, metallothioneins, nuclear hormone receptors, phenylethanolamine N- 
methyltransferase, phosphoglycerate kinase, prostate specific antigen, protamines, 
pyruvate kinases, renins, SCG10, skeletal actins or troponins, sodium channel type II, 
10 synapsin, testis-specific histone Hit, thyroid receptor-p1, transferrin, tyrosine 
hydroxylase, vascular cellular adhesion molecule-1, von Willebrand factor); viruses 
(e.g., adenoviruses, adeno-associated virus, human cytomegalovirus, Epstein-Barr 
virus and other herpes simplex viruses, lentiviruses, Moloney leukemia or sarcoma 
virus, mouse mammary tumor virus, polyoma or SV40 virus, Rous sarcoma virus, 
15 vaccinia virus); and, less preferably, plant, insect, mold, fungal, and bacterial genes. 
See cited references for details on silencer and conditionally inducible elements, 
promoters, transcription factors, and their binding sites. 

Expression of the downstream region can be induced by one or more conditional 
stimuli such as, for example, hyperthermia (e.g., temperature higher than about 39°C), 
20 hypoxia (e.g., oxygen concentration lower than about 10%), inflammation (e.g., treating 
with LPS or inflammatory cytokines), ischemia (e.g., coronary artery ligation as shown 
in Prentice et al., 1997; femoral artery ligation as in Takeshita et al., 1994), oxidative 
stress (e.g., hypoxia reoxygenation of cardiac myocytes as shown in Webster, 1999b), 
growth stimulus, contractile function, antioxidants, and muscle fiber stretch. 
25 Modulation of gene expression may be effected by affecting transcriptional 

initiation, transcript stability, translation of the transcript into protein product, protein 
stability, or a combination thereof. Quantitative effects can be measured by techniques 
such as in vitro transcription, in vitro translation, Northern hybridization, nucleic acid 
hybridization, reverse transcription-polymerase chain reaction (RT-PCR), run-on 
30 transcription, Southern hybridization, cell surface protein labeling, metabolic protein 
labeling, antibody binding, immunoprecipitation (IP), enzyme linked immunosorbent 
assay (ELISA), electrophoretic mobility shift assay (EMSA), radioimmunoassay (RIA), 
fluorescent or histochemical staining, microscopy and digital image analysis, and 
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' ' fluorescence activated cell analysis or sorting (FACS). 

Gene expression can be assayed by use of a reporter or selectable marker gene 
whose protein product is easily assayed. Reporter genes include, for example, alkaline 
phosphatase, p-galactosidase (LacZ), chloramphenicol acetyltransferase (CAT), (3- 
5 glucoronidase (GUS), bacterial/insect/marine invertebrate luciferases (LUC), green and 
red fluorescent proteins (GFP and RFP, respectively), horseradish peroxidase (HRP), 
p-iactamase, and derivatives thereof (e.g., blue EBFP, cyan ECFP, yellow-green 
EYFP, destabilized GFP variants, stabilized GFP variants, or fusion variants sold as 
LIVING COLORS fluorescent proteins by Clontech). Such reporter genes would use 

10 cognate substrates that are preferably assayed by a chromogen, fluorescent, or 
luminescent signal. Alternatively, assay product may be tagged with a heterologous 
epitope (e.g., FLAG, MYC, SV40 T antigen, glutathione transferase, hexahistidine, 
maltose binding protein) for which cognate antibodies or affinity resins are available. 
Examples of drugs for which selectable marker genes exist are ampicillin, geneticin 

15 (G418)/kanamycin/ neomycin, hygromycin, puromycin, and tetracycline. An enzyme 
(e.g., diphtheria toxin, dihydrofolate reductase, HSV-1 thymidine kinase) may be used 
as a selectable marker in sensitive host cells or auxotrophs. For example, diphtheria 
toxin can be used to ablate cell in lineage mapping; stepped increasing concentrations 
of methotrexate can increase the copy number of an expression vector linked to a 

20 DHFR selectable marker by gene amplification; gancyclovir can negatively select for a 
viral thymidine kinase selectable marker. 

Techniques for measuring transcriptional or translational activity in vivo are 
known in the art. For example, a nuclear run-on assay may be employed to measure 
transcription of a reporter gene. The translation of the reporter gene may be measured 

25 by determining the activity of the translation product. The activity of a reporter gene 
can be measured by determining one or more of the abundance of transcription of 
polynucleotide product (e.g., RT-PCR of GFP transcripts), translation of polypeptide 
product (e.g., immunoassay of GFP protein), and enzymatic activity of the reporter 
protein perse (e.g., fluorescence of GFP or energy transfer thereof). 

30 An "expressed region" may be derived from any gene and may be provided in 

either orientation with respect to the promoter; the expressed region in the antisense 
orientation will be useful for making cRNA, antisense, and RNA interference. The gene 
may be derived from the host cell or organism, from the same species thereof, or 



13 



designed de novo\ but it is preferably of archael, bacterial, fungal, plant, or animal 
origin. The gene may have a physiological function of one or more non-exclusive 
classes: structural proteins like albumin, amyloid, apolipoproteins, globins, sarcomere 
components, and transferrin; cytokines, hormones, and other soluble factors regulating 
5 cell growth, mitosis, meiosis, differentiation, and development; soluble and membrane 
receptors for such factors; adhesion molecules; cell-surface receptors and ligands 
thereof; cluster differentiation (CD) antigens, antibody and T-cell antigen receptor 
chains, histocompatibility antigens, and other mediators of immunity; chemokines, 
receptors thereof, and other factors involved in inflammation; enzymes producing lipid 

10 mediators of inflammation and regulators thereof; clotting and complement factors; ion 
channels and pumps; neurotransmitters, neutrophic factors, and receptors thereof; 
oncogenes, tumor suppressors, and other signal transducers; proteases and inhibitors 
thereof; catabolic or metabolic enzymes, and regulators thereof. Some genes produce 
alternative transcripts, encode subunits that are assembled as homopolymers or 

15 heteropolymers, or produce pro-peptides that are activated by protease cleavage. 

As an example, the class of cytokines includes the following: 4-1 BB ligand, 
amphiregulin, angiopoietin 1 to angiopoietin 4, AP03 ligand, BMP-2 to BMP-15, BDNF, 
betacellulin, cardiotrophin-1 , CD27 ligand, CD30 ligand, CD40 ligand, CNTF, EGF, 
epiregulin, erythropoietin, Fas ligand, FGF-1 to FGF-19, Flt-3 ligand, G-CSF, GDF-1, 

20 GDF-3, GDF-8 to GDF-1 0, GITR ligand, GM-CSF, heparin binding-EGF, hepatocyte 
growth factor, IFN-a, IFN-ps, IFN-y, IGF-I, IGF-II, inhibin A, inhibin B, IL-1a, IL-1p, IL-2 
to IL-7, IL-9 to IL-11, IL-12 p35, IL-12 p40, IL-13 to IL-19, leptin, LIF, LIGHT, LT-p, 
lymphotactin, M-CSF, midkine, MIS, macrophage stimulating protein, neureguiin, NGF, 
NT-3, NT-4, NT-6, oncostatin M, OX40 ligand, PDGF-A, PDGF-B, placenta growth 

25 factor, pleiotrophin, SMDF, SCF, TALL-1 , TALL-2, TGF-a, TNF-p1 to p3, thymopoietin, 
TNF-a, TNF-p, TRAIL, TRANCE, VEGF-A, VEGF-B, VEGF-C, VEGF-D, and VEGI. 
Most of these cytokines are ligands for one or more known receptors of high or low 
affinity; in contrast, a ligand of the HER2 receptor is not yet known. More information 
about these cytokines can be obtained from articles and references lists contained in 

30 Nicola (Guidebook to Cytokines and Their Receptors, Oxford Press, 1997); Thomson 
{The Cytokine Handbook, Academic Press, 1998); R&D Systems catalogs and its web 
site; and US Patents 5,773,252 and 5,985,614. 

Other enzymes and cellular proteins include adenosine deaminase, angiostatin, 
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apoptosis inhibitor proteins (AIP1 or AIP2), BCL2 and MYC family members, catalase, 
chaperonins and heat shock proteins, cyclins, deoxyribonuclease, DMD2, DT- and 
NADPH-diaphorase, endostatin, endothelins, fumagillin, glutathione peroxidase, 
glutathione transferase, growth hormone, heat shock factor, insulin, hypoxanthine 
5 guanine phosphoribosyl transferase, kinases, matrix metalloproteinases (MMP-1, 
MMP-2, MMP-9, MT-1-MMP) and their inhibitors (TIMP-1, TIMP-2, TIMP-3, TIMP-4), 
nitric oxide synthases (iNOS or nNOS), phosphatases, proliferin, ribonucleases, 
superoxide dismutase, survivin, thymidine kinase, tissue plasminogen activator, and 
urokinase. 

10 The downstream expressed region may encode a translational fusion. Open 

reading frames of regions encoding a polypeptide and at least one heterologous 
domain may be ligated in register. If a reporter or selectable marker is used as the 
heterologous domain, then expression of the fusion protein may be readily assayed or 
localized. The heterologous domain may be an affinity or epitope tag. 

15 A polynucleotide may be ligated to a linker oligonucleotide or conjugated to one 

member of a specific binding pair (e.g., antibody-digoxygenin/hapten/peptide epitope, 
biotin-avidin/streptavidin, glutathione transferase or GST-glutathione, maltose binding 
protein-maltose, polyhistidine-nickel, protein A/G-immunoglobulin). The polynucleotide 
may be conjugated by ligation of a nucleotide sequence encoding the binding member. 

20 A polypeptide may be joined to one member of the specific binding pair by producing 
the fusion encoded such a ligated or conjugated polynucleotide or, alternatively, by 
direct chemical linkage to a reactive moiety on the binding member by chemical cross- 
linking. Such polynucleotides and polypeptides may be used as an affinity reagent to 
identify, to isolate, and to detect interactions that involve specific binding of a transcript 

25 or protein product of the expression vector. Before or after affinity binding of the 
transcript or protein product, the member attached to the polynucleotide or polypeptide 
may be bound to its cognate binding member. This can produce a complex in solution 
or immobilized to a support. A protease recognition site (e.g., for enterokinase, Factor 
Xa, ICE, thrombin) may be included between adjoining domains to permit site specific 

30 proteolysis that separates those domains and/or inactivates protein activity. 

The amount of an expression vector administered to a mammalian cell or non- 
human mammal by transfection or transgenesis techniques, respectively, according to 
the invention is an amount effective to introduce the expression vector into host cells or 
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non-germline tissues on a transient or stable basis (e.g., the expression vector can be 
detected in such cells or tissues at least one week after ceasing its administration). 
The vector can be maintained as an episome or may be integrated into a host chromo- 
some. Thus, the term "effective amount" refers to that amount of composition neces- 
5 sary to achieve the indicated effect. 

Pharmaceutical compositions that are useful in the methods of the invention 
may be administered in solid or liquid (especially to stabilize nucleic acids for storage 
and transportation), ophthalmic, suppository, aerosol, prolonged release, or other 
formulations. In addition to the expression vector, such compositions may contain 

10 pharmaceutically-acceptable carriers and vehicles, buffers, excipients, salts, stabilizers, 
preservatives, and other ingredients that enhance and facilitate drug administration. 
The composition may include such components, for example, as the following: 
nanospheres, microspheres, liposomes, defective or replicatively competent viral 
particles, chemical transfecting agents that condense nucleic acids, and a member of 

15 the antibody/antigen, receptor/ligand (e.g., transferrin, galactosylated peptide), or other 
specific binding pairs that directs introduction of the expression vector to a target cell or 
tissue in preference to other cells or tissues. 

Production of gene and cell products according to the present regulation will be 
regulated for good laboratory practices (GLP) and good manufacturing practices (GMP) 

20 by governmental agencies (e.g., U.S. Food and Drug Administration). This requires 
accurate and complete recordkeeping, as well as monitoring of QA/QC. Oversight of 
patient protocols by agencies and institutional panels is also envisioned to ensure that 
informed consent is obtained; the safety, bioactivity, appropriate dosage, and efficacy 
of products are studied in phases; results are statistically significant; and ethical 

25 guidelines are followed. Similar oversight of protocols using animal models, as well as 
the use of toxic chemicals, and compliance with regulations is required. 

Another aspect of the invention is the use of expression vectors in applications 
such as, for example, gene therapy (e.g., therapeutic or prophylactic), production of 
recombinant biologicals, genetic diagnosis, drug screening, and genetic research (e.g., 

30 genomics, proteomics, in vivo and in vitro models of human disease). 

The present invention may be used alone, or as an adjunct to standard medical 
or surgical treatments. "Treatment" as used herein refers to: reducing or alleviating the 
severity of symptoms in a mammal; lessening the number of symptoms; preventing 
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symptoms from worsening or progressing; suppressing or eliminating infectious agents, 
autoimmune cells, and cancerous cells; preventing an infection or disease in a patient 
who is free therefrom; or combinations thereof. Treatment of cardiac disease, for 
example, may include reduction or prevention of ischemic damage, inhibition of reste- 
nosis, neutralization of other pathological effects of heart or vascular disease, diagno- 
sis hypoxia, or combinations thereof. 

In particular, at least six clinical trials are currently ongoing in which angiogenic 
growth factors, including VEGF and FGF genes, are being delivered with plasmid and 
adenovirus vectors to patients with ischemic heart disease and critical limb ischemia 
(see Genetic Engineering News Vol. 18, Number 17, October 1998; Cardiology Today, 
Vol 3, Number 1, January 2000). The goal is to stimulate angiogenesis and collateral 
vessel growth to treat ischemia. But these trials did not disclose the solution provided 
by the present invention to the problem of tightly regulating gene expression in the 
target tissue (Prentice and Webster, 1995; Webster, 1999ab; Alexander et al., 1999). 
Instead, constitutively active (CMV) promoters were used so the procedures are not 
sufficiently effective because of expression of the growth factor in other tissues. In the 
present invention, however, VEGF can be delivered to ischemic heart or limb muscles 
using conditionally silenced-hypoxia inducible expression vectors. Using the present 
invention, VEGF would be expressed at a low level of basal activity in healthy perfused 
tissue and at a high level of induced activity in ischemic tissue which is hypoxic (Lee et 
al., 2000), thereby confining angiogenesis to the target tissue and providing a safer and 
more effective treatment. 

The amount of the composition which is administered to the patient is preferably 
an amount that does not induce any deleterious effects which outweigh the advantages 
which accompany its administration. Thus, treatment is preferably performed under 
supervision of a trained physician or with careful monitoring by a veterinarian. 

Compositions of the present invention may be administered by any known route 
(e.g., enteral, parenteral, topical). Parenteral routes include intraarterial, intrabronchial, 
intramuscular, intrathecal, intravenous, subcutaneous or subdermal, transmucosal, and 
other injection or infusion techniques, without limitation. For example, compositions 
may be administered orally, parenterally, topically, regionally, or systemically 

Actual dosage levels of active ingredients in compositions may be varied so as 
to administer an amount of the expression vector that is effective to achieve the desired 
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therapeutic or prophylactic effect in a particular patient. Thus, the selected dose will 
depend on the silencer-inducer ratio, choice of the downstream expressed region and 
its function, the size of the expression vector, the route of administration, the severity of 
the condition being treated, and the condition and prior medical history of the patient 
5 being treated. 

It is also within the skill of the art, however, to start doses at levels lower than 
required to achieve the desired therapeutic or prophylactic effect and to gradually 
increase the dosage until the desired effect is achieved. These compositions may be 
administered according to the methods of the invention in a single dose (e.g., to treat 

10 acute disease or for stable transfection) or in multiple doses which are administered at 
different times (e.g., to treat chronic disease or for transient transfection). A dose of 
the composition may be repetitively administered to a patient (e.g., every few days to 
every few years), whereby gene expression is conditionally silenced and inducible after 
the initial treatment and then boosted by subsequent treatments. 

15 But it would be understood as well that the specific dose for any particular 

patient will depend on a variety of factors, including body weight, gender, age, general 
health, diet, time and route of administration, combination with other drugs and patient 
treatments, and severity of the disease being treated. Unlike most active ingredients of 
pharmaceutical compositions, the range of effective amounts of expression vector 

20 would be low when the expression vector persists because it is replicated during cell 
division or maintained in the cell. Of course, the amount of the expression vector that 
is administered may be dependent upon other components of the composition and 
numerous factors understood by a person skilled in the art. 

DNA is transcribed to produce an RNA transcript corresponding to the DNA, the 

25 RNA is translated to produce a nascent chain, and post-translationally processed (e.g., 
acetylation, acylation, amidation, disulfide bonding, glycosylation, phosphorylation, 
hydroxylation of y-carboxyglutamic acid, methylation, phosphorylation, proteolysis, 
sulfatation) and folded. All of nascent chain, folded protein, and post-translationally 
processed protein are generically called polypeptide. 

30 Gene activation may be achieved by inducing an expression vector containing a 

downstream region related to the host gene (e.g., the entire coding region or functional 
portions of the host gene, hypermorphic mutant versions thereof) or unrelated to the 
host gene that acts to relieve suppression of gene activation (e.g., at least partially inhi- 
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biting expression of a negative regulator of the host gene such as a soluble cytokine 
receptor). Overexpression of transcription or translation, as well as overexpressing 
protein function, is a more direct approach to gene activation. Alternatively, the down- 
stream expressed region may direct homologous recombination into a locus in the 
5 genome and thereby replace an endogenous transcriptional regulatory region of the 
host gene with the silencer-inducible region of the expression vector. 

An expression vector may be introduced into the host mammalian cell or non- 
human mammal by a transfection or transgenesis technique using, for example, 
chemicals (e.g., calcium phosphate, DEAE-dextran, lipids, polymers), electroporation, 

10 naked DNA technology, microinjection, or viral infection; preferably, the introduced 
expression vector integrates into the host genome of the mammalian cell or non-human 
mammal. Many neutral and charged lipids, sterols, and other phospholipids to make 
lipid carrier vehicles are known. For example, neutral lipids are dioleoyl phosphatidyl- 
choline (DOPC) and dioleoyl phosphatidyl ethanolamine (DOPE); an anionic lipid is 

15 dioleoyl phosphatidyl serine (DOPS); and cationic lipids are dioleoyl trimethyl ammo- 
nium propane (DOTAP), dioctadecyldiamidoglycyl spermine (DOGS), dioleoyl trimethyl 
ammonium (DOTMA), and 1,3-di-oleoyloxy-2-(6-carboxy-spermyl)-propyl-amide tetra- 
acetate (DOSPER). Dipalmitoyl phosphatidylcholine (DPPC) can be incorporated to 
improve the efficacy and/or stability of delivery. FUGENE 6, LIPOFECTAMINE, LIPO- 

20 FECTIN, DMRIE-C, TRANSFECTAM, CELLFECTIN, PFX-1, PFX-2, PFX-3, PFX-4, 
PFX-5, PFX-6, PFX-7, PFX-8, TRANSFAST, TFX-10, TFX-20, TFX-50, and LIPOTAXI 
lipids are proprietary formulations. The polymer may be polyethylene glycol (PEG) or 
polyethylenimine (PEI); alternatively, polymeric materials can be formed into nano- 
spheres or microspheres. Naked DNA technology delivers the expression vector in 

25 plasmid form to a cell, where the plasmid may or may not become integrated into the 
host genome, without using chemical transfecting agents (e.g., lipids, polymers) to 
condense the expression vector prior to introduction into the cell. 

Thus, a mammalian cell may be transfected with an expression vector; also 
provided are transgenic non-human mammals. In the previously discussed alternative, 

30 a homologous region from a host gene can be used to direct integration of the silencer- 
inducible region to a particular genetic locus in the host genome and thereby regulate 
expression of the host gene at that locus. Polypeptide may be produced in vitro by 
culturing transfected cells; in vivo by transgenesis; and ex vivo by introducing the 



expression vector into allogeneic, autologous, histocompatible, or xenogeneic cells and 
then transplanting the transfected cells into a host organism. Special harvesting and 
culturing protocols will be needed for transfection and subsequent transplantation of 
host stem cells into a host mammal. Immunosuppression of the host mammal post- 
5 transplant and encapsulation of the host cells may be necessary to prevent rejection. 

The expression vector may be used to replace function of an absent or totally 
defective host gene, supplement function of a partially defective host gene, or compete 
with activity of the host gene. Thus, the cognate gene of the host may be neomorphic, 
hypomorphic, hypermdrphic, or normal. Replacement or supplementation of function 
10 can be accomplished by the methods discussed above, and transfected mammalian 
cells or transgenic non-human mammals may be selected for high expression (e.g., 
assessing amount of transcribed or translated produce, or physiological function of 
O either product) of the downstream region. But competition between the expressed 

■;1 downstream region and a neomorphic, hypermorphic, or normal host gene may be 

1y 15 more difficult to achieve unless the encoded polypeptides are multiple subunits that 
y form into a polymeric protein complex. Alternatively, a negative regulator or a single- 

2 ^ chain antibody that inhibits function intracellular^ may be encoded by the downstream 

region of the expression vector. Therefore, at least partial inhibition of functional host 
l A genes may require using antisense, RNA interference, or ribozyme technology in which 

l}i 20 the expression vector contains a downstream region corresponding to the unmodified 
O antisense transcript, either or both strands of a dsRNA or a ribozyme, respectively. 

Antisense polynucleotides were initially believed to directly block translation by 
hybridizing to mRNA transcripts, but is now thought to involve degradation of mRNA 
transcripts of a viral or cellular gene. The antisense molecule may be made using at 
25 least one functional portion of a gene in the antisense orientation as downstream 
expressed region in the expression vector. 

RNA interference by dsRNA appears to involve enzymatic cleavage because the 
mRNA transcripts are converted to fragments of about 20-25 ribonucleotides through a 
process different from antisense inhibition (possibly by degradation with ribonuclease 
30 D). The latter is preferred because of its greater efficiency and ease of design (e.g., 
antisense oligonucleotides often need to be chemically synthesized with modified 
nucleotides to increase their half-life). dsRNA can be made from a portion of the 
coding region of a cellular or viral gene of at least 25 nucleotides with the two ssRNA 
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strands being produced by the same or different expression vectors, at least one of 
which contains a downstream region in antisense orientation. 

Ribozymes catalyze specific cleavage of an RNA transcript or genome. The 
mechanism of action involves sequence-specific hybridization to complementary 
5 cellular or viral RNA, followed by endonucleolytic cleavage. The ribozyme includes one 
or more sequences complementary to the subject RNA as well as catalytic sequences 
responsible for RNA cleavage (e.g., hammerhead, hairpin, axehead motifs). For 
example, potential ribozyme cleavage sites within a subject RNA are initially identified 
by scanning the subject RNA for ribozyme cleavage sites which include the following 
10 trinucleotide sequences: GUA, GUU and GUC. Once identified, an oligonucleotide of 
between about 15 and about 20 ribonucleotides corresponding to the region of the 
subject RNA containing the cleavage site can be evaluated for predicted structural 
O features, such as secondary structure, that can render candidate oligonucleotide 

■ 1 sequences unsuitable. The suitability of candidate sequences can then be evaluated 

1 4 15 by their ability to hybridize and cleave cellular or viral RNA. 

y Any disease may be treated with the present invention if the genetic basis and 

an inducer associated with the disease are known (e.g., inflammation and other stress 
J conditions, ischemia and other hypoxic conditions, fluctuation of glucose concentration 

U or other metabolic disorders). 

20 Genetic vaccination may be used to provide a model of human disease or for 

'i-.y 

O immunomodulation in an afflicted patient (e.g., induction, stimulation, potentiation, or 

suppression of the immune response) by expressing or inhibiting the expression of 
allergens, autoantigens, antigens of infectious agents (e.g., cell surface or virus 
capsid/coat antigens), and tumor antigens. See US Patents 5,580,859, 5,589,466, 

25 5,697,901, 5,804,566, 5,830,877, 5,849,719, 5,985,847, and WO 98/20734. Antibody 
directed against the antigen may also be produced for diagnostic, therapeutic, or 
prophylactic use. Thus, a downstream region may encode an immunogenic portion of 
one or more such antigens as single or multivalent epitopes. It is preferred that the 
antigen be expressed as a fusion protein with a cytokine that acts as an adjuvant (e.g., 

30 IFN-y, GM-CSF). 

Tissues which may be targeted include the nervous system (e.g., brain, eye, 
glia, central and peripheral nerves); the reticuloendothelial system (e.g., blood, bone 
marrow, dendritic cells, erythroid cells, granulocytes, lymph vasculature endothelium, 
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lymphocytes, megakaryocytes and platelets, monocytes and macrophages, myeloid 
cells, neutrophils, spleen, thymus); the endocrine, reproductive, and urinary systems 
(e.g., adrenal gland, breast, kidney, ovary, pituitary gland, prostate, testicle, thyroid 
gland, uterine endothelium); the cardiopulmonary system (e.g., heart, lung, arterial and 
5 venous vascular endothelium); the digestive system (e.g., colon, gall bladder, large and 
small intestines, liver, pancreas, rectum, stomach); bone, cartilage, connective tissues, 
skin, smooth muscle, and striated muscle; ectodermal, endodermal, or mesodermal 
tissues; mesenchymal and parenchymal tissues. 

The ability to introduce the expression vector into a variety of normal cells and 

10 tissues suggests that the treatment of benign and malignant cancers (e.g., ascites and 
solid tumors, carcinomas, leukemias, lymphomas, melanomas, sarcomas) is possible. 
Some tumor types of interest are breast, colorectal, lung, ovarian, pancreatic, prostatic, 
renal, and testicular carcinoma. 

Thus, examples of diseases that might be treated by regulated gene expression 

15 of an appropriate coding region, transcribed region in antisense orientation, dsRNA, or 
ribozyme, or that may provide models of such disease, are the following: acquired or 
inherited immunodeficiency, allergy and other immune hypersensitivities, anemia and 
thalassemia, autoimmune disease, hemolytic or septic shock, hemophilia, inflammation 
and other stress conditions, ischemia and other hypoxic conditions, carcinoma (e.g., 

20 basal cell, basosquamous, Brown-Pearce, ductal, Ehrlich tumor, in situ, Krebs, Merkel 
cell, small or non-small cell lung, oat cell, papillary, bronchiolar, squamous cell, transi- 
tional cell, Walker), leukemia (e.g., B-cell, T-cell, HTLV, acute or chronic lymphocytic, 
mast cell, myeloid), histiocytoma, histiocytosis, Hodgkin disease, non-Hodgkin lym- 
phoma, plasmacytoma, reticuloendotheliosis, adenoma, adenocarcinoma, adeno- 

25 fibroma, adenolymphoma, ameloblastoma, angiokeratoma, angiolymphoid hyperplasia 
with eosinophilia, sclerosing angioma, angiomatosis, apudoma, branchioma, malignant 
carcinoid syndrome, carcinoid heart disease, carcinosarcoma, cementoma, cholan- 
gioma, cholesteatoma, chondrosarcoma, chondroblastoma, chondrosarcoma, 
chordoma, choristoma, craniopharyngioma, chrondroma, cylindroma, cystadenocar- 

30 cinoma, cystadenoma, cystosarcoma phyllodes, dysgerminoma, ependymoma, Ewing 
sarcoma, fibroma, fibrosarcoma, giant cell tumor, ganglioneuroma, glioblastoma, 
glomangioma, granulosa cell tumor, gynandroblastoma, hamartoma, hemangioendo- 
thelioma, hemangioma, hemangiopericytoma, hemangiosarcoma, hepatoma, islet cell 



22 



I 1 

tumor, Kaposi sarcoma, leiomyoma, leiomyosarcoma, leukosarcoma, Leydig cell tumor, 
lipoma, liposarcoma, lymphangioma, lymphangiomyoma, lymphangiosarcoma, medul- 
loblastoma, meningioma, mesenchymoma, mesonephroma, mesothelioma, myoblas- 
toma, myoma, myosarcoma, myxoma, myxosarcoma, neuriiemmoma, neuroma, neuro- 
5 blastoma, neuroepithelioma, neurofibroma, neurofibromatosis, odontoma, osteoma, 
osteosarcoma, papilloma, paraganglioma, paraganglioma nonchromaffin, pinealoma, 
rhabdomyoma, rhabdomyosarcoma, Sertoli cell tumor, teratoma, theca cell tumor, and 
other diseases in which cells have become dysplastic, immortalized, or transformed. 

The following examples are meant to be illustrative of the present invention, 
10 however practice of the invention is not limited or restricted in any way by them. 

EXAMPLES 

Art-known techniques are described in books and manuals like Ausubel et al. 
(Current Protocols in Molecular Biology, Wiley, 1999); Birren et al. (Genome Analysis 

15 Series, CSHL, 1997-1999); Bonifacino et al. (Current Protocols in Cell Biology, Wiley, 
1999); Carey and Smale (Transcriptional Regulation in Eukaryotes, CSHL, 2000); 
Coligan et al. (Current Protocols in Immunology, Wiley, 1999); Coligan et al. (Current 
Protocols in Protein Science, Wiley, 1999); Dracopoli et al. (Current Protocols in 
Human Genetics, Wiley, 1999); Harlow and Lane (Using Antibodies, CSHL, 1999); 

20 Hogan et al. (Manipulating the Mouse Embryo, CSHL, 1994); Marshak et al. (Strategies 
for Protein Purification and Characterization, CSHL, 1996); Murphy and Carter 
(Trangenesis Techniques, Humana, 1993); Murray (Gene Transfer and Expression 
Protocols, Humana Press, 1991); Pinkert (Trangenic Animal Technology, Academic, 
1994); Robbins (Gene Therapy Protocols, Humana, 1996); Sambrook et al. (Molecular 

25 Cloning, CSHL, 1989); Spector et al. (Cells, CSHL, 1998); Tuan (Recombinant Gene 
Expression Protocols, Humana, 1997); and Walther and Stein (Gene Therapy of 
Cancer, Humana, 2000). 

Sources of reagents, techniques for construction of expression vectors, culture 
and transfection of cells, determination of gene expression, and binding studies are 

30 described in Webster et al. (1993), Bodi et al. (1995), Wu et al. (1996), Prentice et al. 
(1997), Hu et al. (1998), Discher et al., (1998), Discher et al. (1999), and Webster et al. 
(1999). 

Plasmid vectors suitable for evaluating the transcriptional activity of silencer 
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elements, conditionally inducible elements, and promoters, alone or in combination, by 
detection of a firefly luciferase reporter gene are available from Promega. Such 
vectors include a transcriptional pause site, a polylinker upstream of the coding region 
for luciferase, a polyadenylation signal from SV40 following the luciferase coding 
5 region, E. coli and f1 origins of replication, and the selectable marker amp r . pGL3 
basic vector (pGL3BV) lacks eukaryotic promoter, silencer, and enhancer sequences. 
In comparison to the basic vector, the pGL3 enhancer vector also lacks a eukaryotic 
promoter but contains an SV40 enhancer downstream of the luciferase coding region 
and a polyadenylation signal; the pGL3 promoter vector (pGL3PV) contains an SV40 
10 vearly promoter upstream of the luciferase coding region, and allows the insertion of one 
or more silencer-inducible regions into the Kpnl restriction enzyme site as shown in the 
figures. The pGL3 control vector contains both the SV40 promoter upstream of the 
coding region and the SV40 enhancer downstream of the coding region. 

Silencer-inducible regions were cloned into pGL3PV, pMHC164 (Molkentin et 
15 al., 1996), pMHC86 (Prentice et aL, 1997), pMHC1.2, and pHSA150. As shown in Fig. 
1, pMHC164 was made by ligating a rat a-cardiac myosin heavy chain (aMHC) 
promoter (i.e., -164 to +16 fragment) into pGL3BV cut with Smal and Hindlll. Similarly, 
pMHC86 was made by inserting a Smal-Hindlll fragment (i.e., -86 to +16 aMHC 
promoter) into pGL3BV, pMHC1.2 was made by inserting a Smal-Hindlll fragment (i.e., 
20 -1200 to +16 aMHC promoter) into pGL3BV, and pHSA150 was made by inserting a 
Smal-Hindlll fragment (i.e., -150 to +239 human skeletal actin promoter) into pGL3BV. 

Brief Description of Sequences 

SEQ ID NO:1 HRE (S) 5'-TGTCACGTCCTGCACGACGTA-3' is the 

25 sequence of the oligonucleotide containing the hypoxia response enhancer (HRE) 

element from the human phosphoglycerate kinase gene in the sense orientation (HRE 
' is also designated HREpgk). 

SEQ ID NO:2 SIL (S) 5 l -CTTCAGCACCGCGGACAGTGCC-3 , is the 

sequence of the oligonucleotide containing the silencer (SIL) element from the human 
30 synapsin gene in the sense orientation. 

SEQIDNO:3 HREpgk-M (S) 5 , -TGTCCATTCCTGCACGACGTAC-3 , is the 

sequence of the oligonucleotide containing a mutated HREpgk element in the sense 

orientation. 



24 



SEQ ID NO:4 SIL-M (S) S'-CTTCAGCACCGCTTACAGTGCC-S' is the 

sequence of the oligonucleotide containing a mutated SIL element in the sense 
orientation. 

SEQ ID NO:5 [SIL/HRE]1 5'-CTTCAGCACCGCGGACAGTGCCTG7CA- 

5 CGTCCTGCACGACGTA-3' 

SEQ ID NO:6 [SIL/HRE]2 5'-CTTCAGCACCGCGGACAGTGCCTG7CA- 

CGTCCTGCACGACGTACTTCAGCACCGCGGACAGTGCCTGTCACGTCCTGCACG 

ACGTA-3' 

SEQ ID NO:7 [SIL/HRE]3 5 -CTTCAGCACCGCGGACAGTGCCTGTCA- 

1 0 CGTCCTGCACGACTTCAGCACCGCGGACAGTGCCTGTCACGTCCTGCACGACTT 
CAGCACCGCGGACAGTGCCTGTCACGTCCTGCACGACGGTAC-3' (continuous but 
no overlap) 

SEQ ID NO:8 [SII_/HRE]1 5'-CTTCAGCACCGCGGACAGTCACGTCCT- 

GCACGA-3' (with five base overlap) 
15 SEQIDNO:9 [SIL0/HRE3] 5'-CTTC AG C AC C G CTTAC AGTGC CTGTC A- 

CGTC CTGC AC G AC GTACTTC AGC AC C G CTTAC AGTG C CTGTC AC GTCCTG C AC G A 
CGTACTTCAGCACCGCTTACAGTGCCTGTCACGTCCTGCACGACGTA-3' (the 
silencer element is mutated in this oligonucleotide) 

SEQIDNO:10 [SIL/HREm]1 5'-CTTCAGCACCGCGGACAGTGCCTGTCC- 
20 ATTCCTGCACGACGTACCTTCAGCACCGCGGACAGTGCCTGTCCATTCCTGCACG 

ACGTACCTTCAGCACCGCGGACAGTGCCTGTCCATTCCTGCACGACGTAC-3' 

SEQIDNO:11 [SIL/NFkB]3 5-CTTCAGCACCGCGGACAGTTGAGGGGA- 

CTTTCCCAGGCTTCAGCACCGCGGACAGTTGAGGGGACTTTCCCAGGCTTCAGCA 

CCGCGGACAGTTGAGGGGACTTTCCCAGGCGTAC-3 , 
25 SEQ ID NO:12 [SIL-M/NFkB]3 5-CTTCAGCACCGCTTACAGTTGAGGGGA- 

CTTTCCCAGGCTTCAGCACCGCTTACAGTTGAGGGGACTTTCCCAGGCTTCAGCA 

CCGCTTACAGTTGAGGGGACTTTCCCAGGCGTAC-3' 

SEQIDNO:13 [SIL/NFkB]1 S'-CTTCAGCACCGCGGACAGTTGAQGGGA- 
CTTTCCCAGG-3 , 

SEQIDNO:15 [SIL/MRE]3 5'-CTTCAGCACCGCGGAC> 
GGGGCTTTTGCACTCGTCC^G^CJGTA^TTCA^CAC^G^G^CA^ 
GG G CTTTTGCA^JGQTCCCG GCTCTACTTC AG C ACC G CGG AC AGTTG AG CTTC G G 
GGCJ^Tr^CACTCGTCCCGGCTCTA-3' 

25 





5%A3l^SEQ ID NO:16 HREet-1 
CTGTTGGTGACT 
contai 

9 e . 



S^CTGGCCTTATCTCCGGCTGCACGTTG^ 



17KA-3' is the sequence of the oligonucleotide 
e hypoxia response enhancer (HRE) element from the endothelin (ET-1) 
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In each of the above sequences, the first silencer element is shown in bold. For each 
sequence, only the sense strand is shown but it should be understood that the anti- 
sense strand was also synthesized. The sense and antisense strands were then 
annealed before cloning into a construct with appropriate cohesive end(s). 

Example 1 - Conditional Silencing and Position Dependence 



Silencer-inducer regions containing one, two, or three copies each of a silencer 
(SIL) element from the human synapsin gene and a conditionally inducible (HRE) 

15 element from the phosphoglycerate kinase gene (described above as SEQ ID NOS:5- 
7) were cloned into the Kpn I restriction enzyme site of pGL3PV as shown in Fig. 2A. 
These constructs are referred to as pGL3-[SIL/HRE]1, pGL3-[SIL/HRE]2, and pGL3- 
[SIL/HRE]3. In addition, pGL3-[SIL/HRE]3 (with overlap) was constructed by cloning 
three copies of an oligonucleotide (SEQ ID NO:8) into the Kpnl restriction enzyme site 

20 of pGL3PV as shown in Fig. 2B. pGL3-[SIL0/HRE3] was constructed using an 
oligonucleotide (SEQ ID NO:9) cloned into the Kpnl restriction enzyme site of pGL3PV. 
Here, the critical bases for binding of transcription factor to the SIL element have been 
mutated so that the oligo-nucleotide still contains three HRE elements. This construct 
serves as a control for the SIL element. 

25 All of these plasmid constructs were made with the inserted oligonucleotide posi- 

tioned in both 5' to 3* (S) and 3' to 5' (AS) orientations, and then verified by sequencing 
(Discher et al., 1999). Results shown below are for the non-overlapping pGL3-[SIL7 
HRE] series in the (S) configuration (SEQ ID NOS:5-7). There was no difference 
between S and AS insert orientation, nor was there any significant difference between 

30 the non-overlap and the overlap silencer-inducer regions (three copies of SEQ ID 
NO:8). 

Purified expression vectors (Discher et al., 1998) as indicated in the Tables were 
transfected into cell lines (e.g., skeletal muscle C2C12, HeLa, and cardiac myocytes) 



by calcium phosphate or lipid transfection (Webster et al., 1993; Discher et al., 1998). 
In all cases, transfection efficiency was normalized using an internal control (Renilla 
luciferase from Promega) and equal amounts of protein extract were used for the 
reporter assays. Three to four days after transfection, cells were maintained and 
continuously exposed to aerobic conditions (21% 0 2 /5% C0 2 air) or hypoxic conditions 
(1% 0 2 /5% C0 2 /balance N 2 ) for 24 hr. Other conditions for exposing cells to hypoxia 
have been described (Webster and Bishopric 1992; Webster et al., 1993; Discher et 
al., 1998; Webster et al., 1999). Briefly, cells are placed in an air-tight environmental 
chamber with a temperature, humidity, and gas controlled environment, with a standard 
gas mixture of 1% 0 2 /5% C0 2 /balance N 2 . The system includes continuously recording 
oxygen electrode, pH meter, and a CELL-TRAK motion analysis system to record 
changers in cell motion and shape. All cell manipulations take place inside the 
chamber to avoid reoxygenation. Cells were harvested, lysed, and assayed for 
expression of the reporter (luc) gene after treatments (Discher et al., 1998; Webster et 
al., 1999). Table 1 shows the results of two experiments with duplicate samples using 
C2C12 skeletal myocytes exposed to hypoxia for 20 hr in each case; luciferase activity 
normalized to protein concentration is shown. 



Table 1 



Expression Vector 


Ratio Under Hypoxic Conditions 


PGL3-[SIL0/HRE3] 


8.9 ± 1.6 


PGL3-[SIL/HRE]1 


17.7 ±3.1 


PGL3-[SIL/HRE]2 


79.0 ±6.4 


PGL3-[SIL/HRE]3 


189.5 ± 11.9 



The silencer-inducer ratio can be seen to increase in a linear manner under 
hypoxic conditions, with the number of SIL and HRE elements being increased from 
one copy to three copies of each. It is concluded from this example that both insert 
series using SEQ ID NOS:5-8 mediate hypoxia-reversible silencing. The magnitude of 
this effect is directly proportional to the number of SIL/HRE elements and overlap 
between the individual SIL and HRE elements is not necessary for conditional 
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silencing. 

Further studies focused on the pGL3-[SIL/HRE]3 expression vector for which 
expression of the luciferase reporter was studied in detail for C2C12 skeletal myocytes 
(n=12), cardiac myocytes (n=6), and HeLa cells (n=8). The silencer-inducer ratios are 
5 shown in Table 2. The silencer-inducer ratio was highest in C2C12 skeletal myocytes. 



Table 2 



Cell Type 


Ratio Under Hypoxic Conditions 


Skeletal Myocyte 


533 ±12.7 


Cardiac Myocyte 


52 ± 12 


HeLa Cell 


247± 24 



10 Conditional silencing requires that repression of gene expression be selective for 

the non-induced state (e.g., basal expression under aerobic conditions). The impact of 
silencing on reporter gene expression from pGLPV-[SIL/HRE]3 in transfected C2C12 
cells cultured under non-inducing (aerobic) or inducing (hypoxic) conditions are shown 
in Table 3 as ratios of pGLPV-[SIL/HRE]3 : pGLPV-[SIL0/HRE3]. 

15 

Table 3 



Aerobic Repression 

pGLPV-[SIL/HRE]3 : 
pGLPV-[SIL0/HRE3] 


Hypoxic Repression 

pGLPV-[SIL/HRE]3 : 
pGLPV-[SIL0/HRE3] 


2.8 


62 



Silencing with 3X SIL elements reduced expression under aerobic conditions to 
2.8% relative to the corresponding non-silenced construct whereas expression under 
hypoxia remained at 62%, indicating that hypoxia significantly reversed this silencing. 
The extent of reversal of silencing under hypoxia is related to the amount of HIF-1 
transcription factor produced and the affinity of the HRE binding site (see below). 

These results demonstrate conditional silencing for constructs containing oligo- 
nucleotide inserts including SEQ ID NOS:5-8 in C2C12 ceils. These constructs all 
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contain pairs of SIL and HRE elements within 50 bp of each other. To determine 
whether the close proximity of the elements was important, three SIL elements without 
an HRE (SEQ ID NO:10) were cloned into the Dralll restriction enzyme site about 500 
bp upstream of the multicloning site of pGL3PV and three HRE elements without an 
5 SIL element (SEQ ID NO:9) were cloned into the Kpnl restriction enzyme site of the 
same vector. Both were inserted in the sense S'-S' orientation. The resulting construct 
is called pGL3PV3XSIL///3XHRE. Expression was measured under either aerobic or 
hypoxic conditions, and compared with pGLPV[SIL/HRE]3. The results are shown in 
Table 4. 

10 

Table 4 



P GLPV[SILiHRE]3 
Aerobic . 


pGLPV[SIUHRE]3 
Hypoxic 


pGL3PV3XSIL///3XHRE 
Aerobic 


pGL3PV3XSiU//3XHRE 
Hypoxic 


0.28 


100 


0.42 


11.6 



The results in Table 4 show that when the SIL elements were widely separated 
from the inducible HRE elements reversal of silencing by hypoxia was less. This 

15 resulted in a significantly lower silenced-inducer ratio (357 for the SIL/HRE coupled 
construct and 27.6 for the SIL/HRE separated construct). It should, however, be noted 
that conditional silencing was still apparent with pGL3PV3XSIL///3XHRE indicating that 
activation of the inducible factor was able to reduce silencing even when the factors 
have widely separated binding sites. This indicates more than one mechanism of 

20 conditional silencing; the first associated with competitive binding to the hybrid DNA 
binding site and the second (in this instance, a weaker effect) acting independently of 
the relative positions of the SIL and HRE elements. The involvement of competition of 
transcription factors for the hybrid DNA binding site is supported by direct binding 
assays. 

25 

Example 2 - Conditional Silencing with a Tissue-Specific Promoter 

The results described in Tables 1-4 confirm that conditional silencing occurs 
when SIL and HRE elements were incorporated into the pGLPV vector. This vector 
30 uses the SV40 early promoter which is not tissue specific. To determine whether the 
same effects could be observed using a tissue-specific promoter, the SV40 promoter 
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* 

region of pGL3PV was replaced with a -164 bp sequence containing the promoter of 
the cardiac-selective a-MHC promoter as described in Fig. 1. Constructs containing 
SIL0/HRE3, [SIL/HRE]2, and [SIL/HRE]3 were made. These were each transfected 
into cardiac myocytes and the expression of luciferase was measured under aerobic 
5 conditions and 24 hr after treatment with hypoxia as described above. The results are 
shown in Table 5. 

Although the silencer-inducer ratio was less in cardiac myocytes than in C2C12 
cells, substitution of the SV40 early promoter with the a-MHC promoter did not change 
the enhancement indicating that conditional silencing was effective using either a non- 
10 tissue-specific or a tissue-specific promoter. Note that the presence of SIL elements 
augmented the silencer-inducer ratio by approximately 10-fold in Table 5. 



Table 5 



Expression Vector 


Ratio Under Hypoxic Conditions 


pMHC164-luc 


0.67 


PMHC164-[SIL0/HRE3] 


4.2 


pMHC164-[SIL/HRE]2 


10.4 


pMHC164-[SIL/HRE]3 


52.3 



15 

Example 3 - Conditional Silencing with Multiple Inducers 

These studies demonstrate that conditional silencing occurred in three different 
cell types, was not dependent on the type of promoter used, and involves at least two 

20 distinct mechanisms one involving competition of silencer and inducible factors for a 
hybrid/linked DNA binding site, and one independent of the relative position of the 
elements. All of these studies involved HRE elements as the conditionally inducible 
elements which bind instrinsic factors. To determine whether the effect could be extra- 
polated to other inducible conditions, parallel constructs were made in which the HRE 

25 elements were substituted with an NFkB element. The NFkB factor is induced by 
inflammatory mediators including lipopolysaccharide (LPS). To make these constructs, 
oligonucleotides containing NFkB-SIL elements (SEQ ID NO:11) and NFKB-SIL-mutant 
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elements (SEQ ID NO: 12) were cloned into the Kpnl restriction enzyme site of pGL3PV 
to produce pGL3-[SIL/NFkB]3 and pGL3-[SIL0/NFKB3], respectively. To evaluate 
conditional silencing, these constructs were transfected into a macrophage cell line 
called RAW 264.7 obtained from the American Type Culture Collection (ATCC, 
5 Bethesda, MD) and cultured in MEM with fetal bovine serum as recommended by 
ATCC. Cells were transfected with each vector using calcium phosphate as described 
above. After transfection, confluent cultures were serum starved for 3 days and then 
left untreated for an additional day or treated with 3 pg/ml (final concentration) of LPS 
(Sigma) shown to activate the intrinsic factor NFkB. The expression of luciferase was 
10 measured in extracts from induced (LPS treated) and un-induced cultures exactly as 
described above. The silencer-inducer ratios (with LPS : without LPS) are shown in 
Table 6 and demonstrate conditional silencing. 



Table 6 



pGL3-[SIL0/NFKB3] Ratio 


PGL3-[SIL/NFkB]3 Ratio 


4.31 ±0.6 


24.3 ±2.2 



15 

It can be seen from Table 6 that the induction of expression through the NFkB 
element increases from 4.3 to 24.3 by inclusion of silencer elements. This was 
accomplished by repression of the uninduced expression by > 90% and reversal of this 
repression to about 45% by LPS activation. Reversal of silencing in this system was 

20 not as efficient as treatment by hypoxia in the HRE/SIL system described above. 
Nevertheless the system clearly demonstrates a similar conditional silencing effect. 

The results demonstrate conditional silencing using hypoxia or LPS as the 
inducing stimulus and HRE/SIL and NFkB/SIL elements respectively positioned within 
50 bp of each other. To directly address the possibility that steric hinderance and 

25 binding site competiton may play roles in this effect we measured the binding of 
proteins to SIL/HRE (SEQ ID NO:5) and SIL/NFkB (SEQ ID NO: 13) double-stranded 
oligonucleotides using the gel electrophoretic mobility shift assay (GEMSA). Preparing 
nuclear extracts, labeling oligonucleotides, binding conditiona, and electrophoresis 
have been previously described (Wu et al., 1998). These conditions were employed in 

30 all binding assays used here except that 0.2% NP40 was included in the binding 
cocktail and 4% polyacrylamide gels were used for electrophoresis. C2C12 cells were 



used for the SIL/HRE assays and RAW 264.7 for SIL/NFkB assays. 

Briefly, the protocol was as follows. Cultures of C2C12 and RAW macrophages 
were grown to confluence in MEM with 10% serum. Cultures were serum starved for 2 
days and nuclear extracts were prepared (un-induced). Parallel plates were made 
hypoxic for 24 hr (C2C12) or treated with 3 pg/ml LPS for 40 min (RAW). These plates 
were harvested and used to prepare nuclear extracts (induced). Equal amounts of 
proteins were mixed with equal amounts of 32 P-labeled oligonucleotide probes and 
binding was allowed to occur for 40 min at 21 °C. Complexes were separated in by 4% 
PAGE at 200 V/room temperature. The results are shown in Figs. 3A and 3B. The 
arrows in Fig. 3A indicate positions of binding of intrinsic factors: Silencer and HIF-1 
transcription factors. The specificities of these shifted bands were confirmed by 
competition assays as described previously (Wu et al., 1997; Hu et al., 1998; Murphy et 
al.. 1999). 

Binding of the HRE and Silencer binding factors in these in vitro reactions were 
not optimal because the silencer requires 0.1% NP40 for efficient binding, but this NP- 
40 concentration inhibits HIF-1 binding. Therefore it was necessary to compromise 
and use 0.05% NP40. Even though the specific binding of both Silencer and HRE 
factors was weak it is clear that binding of the silencer element is reduced when 
reactions used nuclear extracts from hypoxia-activated cells containing HIF-1 (lane 2 
compared with lane 3). The effect was more pronounced using the SIL/NFkB hybrid 
oligonucleotide and the RAW ± LPS extracts. In this case binding of the SIL binding 
protein can be clearly seen when using extracts from untreated cells; however extracts 
from cells treated with LPS showed strong activation of NFkB binding and almost 
complete elimination of the binding of the SIL element. These results demonstrate that 
HRE binding factors and NFkB can displace SIL binding factor from oligonucleotides 
containing linked elements within 50 bp of each other. This result supports a role for 
steric hinderance and competition for a common hybrid binding site as one of the 
mechanisms for conditional silencing as described herein. 

Example 4 - Conditional Silencing In Vivo 

To determine whether there was silencing of these constructs in tissue in vivo, 
rat hearts were injected with pGLPV-[SIL/HRE]3 or pGLPV-[SIL0/HRE3] and 
expression was measured after 5 days. Surgical procedures, DNA injection into the left 
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ventricle, tissue preparation, and reporter assay were performed as previously 
described (Prentice et al., 1997). The results from two experiments normalized to 100 
for the non-silenced construct are shown in Table 7. 



Table 7 



PGLPV-[SIL0/HRE3] 


PGLPV-[SIL/HRE]3 


100 


14 ±6 



The only difference between these constructs is the presence or absence of 
functional silencer elements, therefore the results strongly support the presence of 
silencing in vivo. Experiments in progress are measuring the ischemia-reversibility of 
this silencing. 

To determine whether conditional silencing occurred in vivo, a rat ischemic 
hindlimb model was used (Takeshita et al., 1994). In this model, the rat hindlimb 
muscle was made ischemic by ligating and removing the femoral and associated 
arteries, then vector DNA was injected directly into the muscle. After an appropriate 
period, the muscles were isolated and reporter gene expression was measured as 
described above. Briefly, the protocol is as follows. Rats were anesthetized and a skin 
incision was made on the right limb to expose the femoral artery. After separating the 
artery from the vein, the proximal end of the femoral and the distal portion of the 
saphenous artery were ligated. Approximately 2 cm of the artery between the ligatures, 
including all side-branches, was dissected free and excised. Blood flow to the calf was 
monitored using a laser doppler surface analyzer (Lisca). For the sham control, the 
same procedure was used on the left limb but the arteries were left intact. Cesium 
chloride-purified DNA (1 pg/pl) was injected directly into the area of muscle between 
the ligatures in four injections of 25 pi each. Similar injections were made to the sham 
operated limb muscle. The overlying skin was closed with a surgical stapler and the 
animals were allowed to recover. One to two days later, rats were sacrificed with a 
lethal dose of sodium pentobarbital, and the injected muscles were dissected out and 
transferred to ice-cold PBS. The results of one set of experiments (n=2) is shown in 
Table 9. Blood flow to the foot was 77 ml/min (n = 2) before removal of the femoral 
artery. After removal, the flow was reduced to < 5 ml/min, a greater than 95% loss. 
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Table 9 



pGLPV-[SIL0/HRE3] 
Ischemia/Sham ratio 


pGLPV-[SIL/HRE]3 
Ischemia/Sham ratio 


1.43 


21.3 



Induction of the control construct (un-silenced) by ischemia was low in these 
5 experiments because the rat hindlimb develops collateral circulation rapidly and the 
muscles become repefused (and reoxygenated). However it can be seen that the 
presence of silencers mediated a 20-fold increase in the silencer-inducer ratio 
confirming that conditional silencing occurs with these constructs in vivo. 

10 Example 5 - Therapeutic Impact of Hypoxia/Silencer-activated Genes. 

Exposure of cardiac myocytes to hypoxia for 24 hr and reoxygenation for 20 hr 
(conditions that simulate myocardial ischemia-reperfusion) causes the death by 
apoptosis of >30% of the myocytes (Webster et al. f 1999). This model was used to 

15 determine whether a hypoxia-activated gene (e.g., DT-diaphorase) that was silenced 
under aerobic conditions could protect cardiac myocytes from the oxidative stress 
caused by hypoxia-reoxygenation. DT-diaphorase is an antioxidant that mediates 
quenching of free radicals that are generated by quinone cycling during mitochondrial 
electron transport. A cDNA insert encoding DT-diaphorase was removed from a 

20 pcDNA vector with Hindlll. The about 1.3 Kb insert was cloned into the Hindlll-Xbal 
restriction enzyme sites of pGLPV-[HRE/SIL]3 after removing the luciferase cDNA 
insert. This required a two-step process: first, ligate at the Hindlll restriction enzyme 
site and, second, fill in the remaining cohesive ends and blunt end circularize. Orien- 
tation was determined by sequencing. The construct is called pPV[SIL/HRE]3-DT-d. 

25 Cardiac myocytes were transfected with 2 |jg of a CMV-green fluorescent protein (GFP, 
Clontech) and 8 pg of pPV[SIL/HRE]3-DT-d or empty vector as the control. The GFP is 
used to track transfected cells. Transfected cultures were exposed to hypoxia- 
reoxygenation to cause 30% cell apoptosis as previously described (Webster et al., 
1999). Parallel cultures were treated with 1% H 2 0 2 to induce oxidative stress without 

30 hypoxia. After treatments, cultures were treated with Hoechst stain to identify apoptotic 
cells as described previously (Webster et al., 1999; Dougherty et al., 2000) and the 
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same cells were examined with a fluorescent microscope to identifly transfected GFP- 
positive cells. GFP-positive apoptotic and non-apoptotic cells were counted to 
determine whether cotransfection of pPV[SIL/HRE]3-DT-d, which will be induced during 
hypoxia, would protect against apoptosis caused by reoxygenation. The results from 
5 these experiments (n=2) are shown in Table 10. 



Table 10 



Control/GFP 
Apop - (%) 


Control GFP 
Apop + (%) 


pPV[SIUHRE]3-DT-d 
Apop - (%) 


pPV[SIUHRE]3-DT-d 
Apop + (%) 


76 ±13 


24 ±6 


96 ±21 


8 ±3 



10 Cells transfected with pPV[SIL/HRE]3-DT-d were strongly protected against 

apoptosis caused by 24 hr hypoxia and 20 hr reoxygenation. Control cultures 
transfected with empty vector diplayed 24% apoptosis of GFP-positive cells after 
reoxygenation, which is similar to our previous results (Webster et al., 1999). Cultures 
cotransfected with pPV[SIL/HRE]3-DT-d displayed only 8% GFP-positive apoptosis 

15 positive cells indicating protection of > 60% (p<0.05). Cells treated with H 2 0 2 showed 
the same rate of apoptosis (~ 9%) regardless of the cotransfected plasmid. Therefore 
the activation of DT-diaphorase expression and reversal of the conditionally silenced 
vector during the hypoxia phase is able to affect cardioprotection during subsequent 
reoxygenation. This shows that a conditionally silenced gene can be activated by a 

20 disease phenotype (hypoxia) and made to exert a therapeutic effect on the targeted 
host cells subjected to a disease (reperfusion injury). 

Other genes were cloned into pGL3PV-[SIL/HRE]3 for expression by conditional 
silencing using SEQ ID NO:7, and then sequenced. The p-gal cDNA with a hema- 

25 gluttinin (HA) epitope tag was cut from pcDNA3.1/HisB/lacZ (Invitrogen) using Hindlll 
and Xbal. The about 4 Kb insert was cloned into the Hindlll-Xbal restriction enzyme 
sites of pGL3PV-[SIL/HRE]3 after removing the luciferase cDNA insert. This construct 
is called p[3-gal[SIL/HRE]3. A human VEGF121 cDNA was cloned by PCR from cDNA 
of human smooth muscle cells. Primers with Hindlll and Xbal restriction enzyme sites 

30 at the ends were used and the purified product was cloned into the Hindlll-Xbal restric- 
tion enzyme sites of pGL3PV[SIL/HRE]3 as previously described. This construct is 



called pVEGF121[SIL/HRE]3. Full length human HIF-1a cDNA cut from pBluescript 
(Stratagene) was cut and then cloned into the Xbal-Ncol restriction enzyme sites of 
pGL3PV-[Stl_/HRE]3. This construct is called pHIF-1a[SIL/HRE]3. 

Hypoxia-activated expression of (3-gal, IGF-1, VEGF, and HIF-1a was demon- 
5 strated. In the case of pHIF-1a[SIL/HRE]3, it was shown that cotransfection of this 
construct into C2C12 cells with pGLPV-[SIL/HRE]3 enhanced hypoxia-mediated condi- 
tional silencing by about 10 fold. This suggest the use of this vector to augment condi- 
tional silencing in other contexts. This effect may be particularly advantageous in cells 
and tissues with lower HIF-1a production. 

10 

^^Si^TRE/SIL1 (SEQ ID NO:17) 



Anti-oxidant response elements are contained in the NAD(P)H quinone reductase gene 
(Jaiswal, 1994) and has consensus sequence 5-TGACNNNGC-3'; metal response 
elements are contained in metallothionein genes (Murphy et al., 1999); heat response 
20 elements are contained in heat shock genes like HSP70 and HSP82. Hormone 
response elements are a class including androgen response elements (ARE), gluco- 
corticoid response elements (GRE), and estrogen response elements (ERE). NFkB 
responsive elements are contained in interferon and other cytokine genes and have 
consensus sequences as shown in SEQ ID NOS:11 and 13. 
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All publications, patent applications, and patents cited in this specification are 
incorporated by reference in their entirety where they are cited. Such references are 
also cited as indicative of the skill in the art. 
10 While the invention has been described in connection with what is presently 

considered to be practical and preferred embodiments, it should be understood that it 
is not to be limited or restricted to the disclosed embodiments but, on the contrary, ,s 
intended to cover various modifications, substitutions, and combinations within the 
scope of the appended claims. In this respect, one should also note that the protect.on 
15 conferred by the claims is determined after their issuance in view of later techn.cal 
developments and would extend to all legal equivalents. 

Therefore it is to be understood that variations in the invention that are not 
described herein will be obvious to a person skilled in the art and could be practiced 
without departing from the invention's novel and non-obvious elements with the prov.so 
20 that the prior art is excluded. For example, art-known silencer elements, conditionally 
inducible elements, promoters, genes that are transcribed by the expression vector, 
other components of the expression vector, intrinsic factors, transfection techniques, 
infection techniques, transgenesis techniques, and other methods for making or using 
the expression vector can be substituted for those described above. Similarly, the 
25 expression vector's nucleotide sequence, orientation and separation of components, 
and selection of those components may be varied and the utility of the variation 
determined by comparing the effect on basal expression, the silencer-inducer rat.o, 
spatial or temporal pattern of regulated expression, or combinations thereof. 
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